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THE INFLUENCE OF KNVIRONMENTAL NON-STATIONARITY

IN A SRQUENTIAL DECISION-MAKING EXPERIMENT

Merrill No Flood

Summnary: Th.i- par -i-onrtsAon a series of
pnot experiments,, and on their theoretical
background, 4aA~ a oid 4t1

-//,effect on human decislon-making of a belief
that the environment is changing when in
reality it is constant. The results suggest
that subjects tend to search more among poorer
alternatives when they believe that the
situationis changeable, and in ccnformity
with mathematical models suggested by W.K. Sates
and Ro R. Bush to describe the two types of
decislorn-making behavior. ()

f'



1. Introduction.

W. K. Estes reported certain experimental results, in a

talk at one of the early plenary sessions of the Seminar, tiat

stimulated me both to review some old data of mine and to con-

duct a new experiment using human subjects In a multiple-

chotce situation provided by the punchboard demonstrated during

my own plenary session talk. The type of result.obtained by

Estes, that intrigued me, has been reproduced by other investi-

gators in other laboratorles both with human subjects and with

rats; It Is as follows: In certain 2-choice situations where

the reward probabilities are r, and Ts the organism will tend

eventually to choose the I th alternative with probability

_P_ " -4 where I + 3.

For example, Estes reported a case in which the rewar'd proba-

bilitl..s were T1 -1/?. and v2-0 and the average tendency or

:r,-verl human subjects was found experimentally to be p,4O.6.

ireidentally, Estee remarked that the formula for p.not only

descrix.ed all his experimental data well, when averaged over

enough subjecto and trials, but that It was derived from a sys-

tem of nathematieml axlovsA forming a basis for his learning

theory.
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During the d~.Lscussior. of the Estes paper it was argiied

(Incorrectly) by some of the game theorists in the audience

that such behavior was surprisingly ,"Irrational" since the

opt~imal atrategy for the crganism is clearly pureo rather than

mi.xed, and so the organism should learn eventually to chosee

oruiy the alternahtive thrit provides the more frequent revart.

1 countered with the following two objections to this Same-

theoretical argumrent-

(a) Ths- payoff' utiJlities could not be well defined, as
lis so unfurt nately the usual case in any of our
attempts t~o apply gnme-tho-oretic arguments to a real
caise, And ttxpro Is A reasonable payoff matrix that
would rationaltzp the reported behavior. Thus, If'
the organlsm's object were to get the very best
score that It could, -rather than simply to maxi-
m tize Its c'xpoctation, then it should sometimes
niot tend to use a pure strategy. I Illustmited
this cAse by one of my purichboard e~xperiments in
which n very Intelligent subject rem~arked that
ner only hopo to get a "perfect" score In a
'90,10: r-xp#erinent would be to play rX.' In the
90--case And IC' in the 10--cnae And be l~uck'y on
*?ach pýRy; In other words, If at'solute perfectionl
were nss5gied 8ufflicpfltly high utility her
optimial tc-havlor ev-,n In the gnimr,--theoretic sense
oould not be to ~iw~iys choose the same~ case. Of
Coursel, In n (50,0) exp'orlrent this came argument
mnight suggest that. she should use a alngle -choice
strat~egy-but only Tf' she Is thoroughly convinced
that one response w~ll amiwAys bo non-.rewarded.
htt any rete, A weak derense' of the mixcA--choice
bephavior can be widt al~ong those general. lines.

(b) The Yon Neumann--M~orgenstern Ein.m theory Is not
app~llable in thia situation unless the or"_nism
can safely a~ssume thAt the experimental stimiulus
'is generntod by A st~ation~iry stochAstic process.
For exsampl#v', If the organism believes that there
mny be sow,* pattern (non-stntrltonarity) over time
In the stImuulus, thr-n It can Often do bettor by
,ialng a mlxed rather thAn A~ ptzr* strAtegy for
)thoCrwlaf- IL wouli n~ave no way to discover a.ny
rint t rrn e f fs-ct a fte r t hi, !In mtt IiA".It a et t 'ted o n

IpureP strategy. Ini fnr.t., tnr' pi-esent st$4te of



nvdther-a' -1rft gArIT thoq'ry (rind., tatin tlscA1
'dectslor; tlifory) 13 such tha.-t th-ere is-no

gener~y'c~eepted prescriptic-n or optimi1
behttvloy in the nonsta~tlonery- case; It may
vez7y wej1 'be that orgeanioaic bt:havlor will be
found to rreprese.,nt such a esolu 't.on If' and when
we undnr!,atandc It. In re~or'onse. to my q~uery on
this point, Esetrs parAphrased ih.e In,-tructlons
givr~r. tcr hto sub.1,C~ts Atnd It ai'cmed .iignificant
to me, tl-at No hnqd made no ..efroit tl s~uggest to

the~m thtt th4'ýy wero- I.n fact, be-Ing coijfr-onted
with n stpt.Jonnry procoss. Iný my, ow-ti erperi-
m,!?nts, o~n''the oth,,'r hand, I had c-jhisI-.d
v'r-ry strnri43y thoý s'xact naturp of the station-~
A~ry pro((t85 (onfrrintlng toe sutJatts* and it
had a#eculed to n~tinal t-Wri fact hqJ hpeped the
!iubjrcti go to purr. str'n1uýgien. I .ýrin.!(etur#nd,
thecrt foi-f?, that tha j1,ure type. t'~ h.!hr~vl~ir wouldI

~ V~'~rInr flubjects w~o wJr~ oT1v~nced of
iJ~~oI~.'-y ,,r~d tni:t tho -nixed type of heha-

-ily'woi;lcl somptim.,:a hr fe'.rid In *leeC ts wfl
ixWLfved t'.-wt t~h#cr- mri~v, be non- V-Atlonarl.ty-
T hr- --4r Itsups h" be-~rr' irre--sdcr! durliig .~he

Ze~miiirsnd Ih 3- r1 t7 ,~r'rz*rnt that
rth' rivtt.er is' wnr iy of f~irther t-yperilnentnI

P. ' Rcv o~fU -rd -i7wr' ~-'Al~P tAtLIRIcr Of thr- pure

A nd mixpe, ~riL,:1 nt fn nit1'il r~ t'lrg c~,01 of 1- four wor',

Inp g.0u ~i fi rt .t~ ~~ wi ; in tho. br 'rI -:h P, 'cT) n

* ~ ~ lc'-in yn,-% --~qtI rz~. 'dr('c T.. t~y 13uia.h And

.,' ~ 1 111. u'htr thb~s t,;inot vL( l1h F.nItc's fov"mula

i~ h bI;*t y a-3,-ni ý" I; Atli .'- '-' t"l 01'-) vnlur:,; to the-

t,5 tr, "o'~r, In t hP £I rnt. ý' XWIN(! MIC1 of U'tr SemInar' (WM-H .

Bueh ýj, der-ived anIn i,:vmi"t' rill~ur AYU f or ths' r- .hot..

cr~ adwllh GI. L. r(-~o nWM 8.rurc on some of th,

E-:':. t .1 1 1i I Ct T'rml 1. t-, .1 d g t'Y It was not rosa1.Iy
i~..:.[ t)' h two oft my gr : ;r. ', ~ nutijects In on

Bost Avalitble Copy
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erpoerrwnrtal questlone lnvolvepd; the r--choite~ formula of

Rush Is:

jM1

T:i'r punchboard r'xDp!riMP.tH hv~icude instances Ini which r,-2) and

r'rj, so they provid~e Som~e dnt-n rOht are relevant to the question

c'r;r~r~.~the appllcabllVýty of the pure and inixed models dis-

cussed by Bush.

Mostol~lpr, In one of the Seminar vv,,'tlngs, pre'sented sr~w?

expertmental reriutit 'ýWM-'11) on the 2--chotcto case taken from

r.-tent work oif St.Anlo'y wit~h rate In nuizcn iand from Jarrrtt

with hum~ans clone wi uh a "two.-Arm ba~ndit" constructed at the

i),,tlgAtlon of Bun-. and Madr.He d1S-usn--d the quality

0o% agrenv betw,!en these~ erp-rim'ontal data ai~d the pure

and mixed wodels and, amnong other thinigs, co-nclud-l that rp.n.

and humane both so-em~ tc ger, to a cnoice o-f the better altern~i-

tlvc morf- rpidlý when th.-y Are r.owarrted less.

In thts -memf.c'ardum., I rhMll disou!3ri aomf -,unchboArd expeýri-

m r~t3 * :ji.-- ILn tt~r, `_4(ýhotgrr ird 9 -,,hoicc'ci"s In pArt 1cular,

I &sial2 proacnt the ro5uitit. of' n pilot (rxpofriwt(nt done n3 n

'.~It of thr- Fntcs talk In an effort to obtI... r-Ithrr pure or

m~xed behavior by human nubjpcta according As they are or are

not convrVilerd o!' In:.-tt~~rt A iam~e that is nctu'n13y

PtAtlonary.
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2. The experimental method.

The equipment and procedures used are explained In the

written .nstructions given to the subject before the trials

start. The set used In the initial 9-choice experlment, where

statlot•arlty was stressed, are included here as Appendix A.

The set used I" the 2-choice e'rp.'riment, where stationarity vas

not mentioned, is included in AMndix B'. I reter the reader

to these two Appendices for information about the equipment and

procedure used, and now assume familiartty with this material.

In (A), the 9--choice case, the ten sets of reward prot~bl-

lities were 'ach chosen at random on the interval (0,J). In

(BI, the 2-choice cnne, the ten pairs of reward probabilities

were chosen qrbitrarily so as to provide Information on pairs

scattered rnther evenly over the possible range; the equipment

was Identical with that in the 9--choice case, and even the same

codes were used, but the subject wan limited to choices between

a pair of columns specified at the top of each code. The actual

values for these pairs are as foll:ws:

r&M7 No -Y ; 5 6 7 8 9 10

10 7r 176 55 40 8o 0 6 98 79 9P 96

1.00 70 2 _4 .09 0 30 !44 49 59 69 17

In 'A), thfre were 1. subjects and each did the same ten

p Jnchboai-is wit 0•CJ " holoos nn each; one of the two subjects

had pT-ev101,8sy donP ,no punchroard following the instructions

or i•i't:d1XA; th-y were both quite urlfamillia- with game-

thefre tic' notions.



D1 t

I1n -111.1 Ieotrn'.. (1111 tL~i he' i; ge ne. s no.M:1on tha t.

I- fit -I.** -l'- t . t

7,nýho'~i' L T~~ r1 ';itr 7,' 1. -

N

;:1-,e~ 'o,~ -;O Vlb r-:(Y-. ; ve ~I~~n~r

tfa 3yt-1. 1~I n r On, th n 421 c1Cr c1a

*tO Unity C'n Ole~ oti. i.' ~r"k is~,L1 ute 33~t ~)~

tsubj-ecto mny t'chwvi. rr~oiod -. I r 3 :dxd foi- a ccrt,&Lr

o lpf ~that 'sth

inl rii. ata:t~ltAmair' Int~cr'1~iti:w1c `;1: '01 12.

It. might be 'possl'Wrc ; '~'~~~in to~r dlivxtI.1

enni.rn thv sub).Jc t 'i v:f,?i .. l.~. ~th rclvad Io")t

tio7. rity. pr-r'T-Imap', 'iv.,ýt by 'Lr -F !er fen(h tr~is . There'

I a lttic dayr-Ir tn th~i.'i, of' crytl. LChý,(,. ;~ta ~n

3,cst Available Copy



"tiw perlmental Stimuiufs rLud- thus 9ffe'- his reponnIeii, S
,7. thls dariger rotuld he avolded by asking all questions at tn'-

-ýf the work (by Pat~h subject, and I hai'o sometimes do:,(-
L 1!i have nothi.-Ag systt-natic to offer as yet on this luet-n

'ýX--p as eow--' Infe~rences may be M~ade on the baixis of t,,:

t !A. d~ita itase.I. In Pat~ure experimerittb, 1 hope to approach
IL i s lije-O."Ln mor- directly.

~7fl' f t n cr I pa . tA~ ttfc r- t he ?co c a a~i~tre ýiv-

da ta f--. the~~~h '. l' 10C~ a-T t!'3 f'cr Sut(,'c n 1 -10 1 n

Tabtf th's)pent wýrr otg ho



TABKE

P'-Cholce_(sut n)
___ __ --- - ,_ _ __ °° - I'°" 1 ]

:0& COlUwM Order 1' f tiujiii,

I L 1 51 24 6 4 0 o
2R 9 76 9 7 < 96 ._4

3 L 5 55 9 66 75 --- i 5
4 1 0 6,3 58 51 86

5 L 6 80 1 78 7T 18 4

6 B 10 f6 •44 56 1oo - --
19 8 L 9  '6I

8 R 3 79 ;,9 66 97 9. ti
SR 7 2 1 69 80 100 --

96 17 9! 89 - 11

TABL'ý 2

Code colunr Order r, _v.bI

S L 9 51 061 54 39 "75

2 10 76, < 79 7 1 83
3 L 1 5 _ 9 66 77 16 04

L 7 4o 0 63 I .33 " w

5 L "1 80 O1b 1 01 68j

6 P6 41I 56 63 915
7 P 3 # 49 95 --00.

8. 5 T) K 9 66 66 66 100

P 2 69 8 93 82 758
96 17 L3 j9 L 5 97 9:2-,

CIO- ; A r•ercentage of time the vt ,_'ourumn %as
2 -a -JFV eh.,,6en during trials x thi-"i4, vy

cr - trial numbe4r whfn tw :)'iflfn .,St

L means tha. t. ' V f , ; .,r'. ,., , efL ,•r.d Ih. I At ,I

Th1:, in t~ne or? o:' 0** v te, . lt ccliA



TABLE_3

2Choic.- 'S~ub~ect 1)

Code LColumm Ode r 1 I . 1  cir

9 5 !zo-oo • o1
I If8 15 55 81 r 6

K7 *41 i68 65 91 9

I I 0 *5t9 5 100 1100 q7 0
5 !35 5j 4

,5 10 8i9 O1 4,0o C
.1 i 6  I98 56k' Q7 0 .3

8 ,9 c98 , 100 , 0 i --

8 46 27 71
9 4 ' 0 ocC

' 3LE 4

r.. I , Co loll i O i r ; 0,0:'l "•

..- -.- * 0~~ *~~ __ __-..- .

6557 F1a t)X

. a5 ,, 66 90 8;1
Pe

S9 1 ' 1.2 C. C8 8 c' 0:

5 U"' 0 ,.

(' j 5 4 41:. .. 'C ,4)

8 8 6 ,.. 1":C.t , .- . : • '

•.8 / 1 t10 'U ... tJ a .:

U,: se t the xtuIm , or I ': ca unn fo' Y dI, h t ; t. .j ba' I t: t
of a win was grf;t,'st.

'"'his In the~ order In whIC.' the~ sit-joct 4~t: -I tt k1 1.111 7r 4

P r re er3 to th. cc]-;%i ^i r' as pm.ii IM " 'r'. 'Ft, .'F .t1

. I



TABLE 5

- - - ' i cif' - --- -..- 3

Cod. Colum Order ,a100 f.e 1_ iIoc

98 8 9 57 P'6 19 91 5
3 96 55 'l20 78 4

j3  491 41 30 29 96. 6
4 9 o 100 1U 54 0 46 o

5 5 6 9? 35 14 )

6 291 p S 7 46

5 7 56 14 1 i 01. 8
861 98 55 4 14 Iico t

109 10 969 5e 9 0 10

966Coe "cnn .I,:w j7 ... ... 7 ';-,l -. + ' -

. .. .. I .55
308 1 Il 0 00I , o I

'9 70o !100 (1Q o0

5 5 3 T2 ~3 5 ~ 7 0 j4

S~0'1- i'

I 8 7• 5 0C0 1 I
9 6 9, ! 57 0 n I),,:,.

!~1 .... 98! ...... 0,. .. , i. . ., - ,



TABLE 7

Code Colum Order____II..iO v, * 1,51,1O0,

I ~ _______________-11--

896 57177 0 *3 100
8 2 96 55 0 0 1o00 0

8 5 91 I57 0 tOO 0
O9 3 100 10 5*i1 0 13 100_i- 5 4 92 35• 88 0 lp to

J 1i 1. ! "- ! -, ! -o - o ! -
L J_[

2 59 4 57 15 1540
72 7 96 0 0 100

8 9 90 96 105 10 0 401 o 0

9 6 8 97 '7100 - 00

16. .2 .. .. 6__ ' 'I_.9._ .'__ . 1002I0 1 5A 3 o0 I17 too

g8 8TABLE: 8i+W IV! + + o , , oc
j 8 9 7 ! o 4.o3 5

e 7 96°j 9 O 100



9-cIoio. (Subject 71

- - - -- - If

I 8 e7 57 96 95 86 96
2 S 5 96 55 96 96 89 94
3 a 91 1 ! 12 100 6
4 9 t0 100 100 100 0 100
5 5 92 35 0 0 100 0

6 5 9 84 29 50 4 52 96
7 5 6 98 56 0 0 100 0
8 8 1 98 55 11 t1 100 i 1

9 8 4 97 57 1,IC 0 - loc
1o 9 8 98 58 98 10 2 ICo

TABLE *lO

I~CodJolumi OrderiLU~...2t~

1 8 9 94 57 1001010
2 8 5 96 55 0 0 100 1013 .6 19' " 1 85 : 25 +o

4 97100 100 0 0 1000
5 5 1 1 005 1 5 :5 03

5 5 .1 8 29 8 15 100

10 9 9 98 581 toO 0 L i
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TABLE III
(•..y,..S.$,et t2)

S+ . .. i i-a...,-

,-So column Order -. a f

1 8 1 94 57 1 2it 12 100 12
2 6 5 96 55 16 16 100 12
3 2 8 9t 41 0 0 100 0

9 3 o0o 100 6 6 100 6
-9" ff 35 5_ 5 100 1.0

6 5 2 C 29 12 12 100 12

8 8 10 98 55 30 7 75 52
9 8 7 97 57 ) p 99 6

I9 6 98 58 15 100 24

-TABUL 12

C -- - ! - _e . *.• .L _ -_to;-2mjoa t

Code C'olumn Owr- iiF1,10 glO Ojgtc r*.10

1 8 2 9 157 75 710 8, - 7-
2 8 8 96 55 oc o
3 10 91 41 61 3 40 .o0
4 9 3 t00 100 88 0 12 100

5 5 92 35 67 62 86 68

6 5 6 E4 ;19 64 5 39 100
""5 98 56 6 0 97 6

H8 9 98 56o o too 0
....8 7 91 4•7 95 89 sot

Lt' 9o 51 Z4 q 94 4
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It Iowa ver7 unlikely that Uhe choices of Subject ID can

be explalneO, well In term of the rixed model. Par example,

on his lUt board all his choices were m e on a colum that ave

wins on only 56 per cent of the trials. One possible explanation

of this behavior is that he set a standard of 50 per cent wins as

satisfactory and then 6id not search for a better column af

long as he felt that this standard wn set# as was the case on

this last boar after the sixth trial. A fact consistent with

this explanation Is hhc coaitinued effort (42 attempts through

trial 86) on his first board to win on a eolumn that never paid

off Whlle the better column was payIng off less than half of the

tiow. These possibilities are typical of the experimental eom-

plioAt:onS that arise because of tne particular psychologleal

set that d:omees with the subject at the outset.

Sut-ect NS3, on the other hand, seem to have performed in

a tnr.nr quite consistent w1th the mixed model, as Judged by
00 10100

the close agreement betweean , and f, ; his seventh board Is

a notat•s, erceptlon 'nnd it to a surprising fact, in this con-

ntctioi, t.hat he devoted nh' lAA 28 trials to s choice the'"

alwayi I.:i-d and that hai0 A1ays fellf4 or hMi. previous 3 trlhi

witn it. It to s1AIfrilarnt tnat he kept trying bcth columar wel,

through &V. t.'i' two of his bnards, anrd that he reiarkod dur'rg

and after the -xperlnnt tVwt 4e w%@ convinced that there "s

soe sort of pattern and thit he migit find it If )e kept cn

huntin5 for such re.ularitles. If we suppose that this hurting

ended soon alter trial ce tien we would erx;,ect that the r, (

mJ
F might be' tn .ven bet~ter A-ePnt n'.with the Q, thaTI Al,. tt;.



folO 0 ; this seem to be quite true for SubJect XS, eZeept

re for his ninth board, aid is frurther evldaenoe of govesteney

on between his behavior and the notion that tht mszd model applie

until the subject belleevo that the process 18 statitesry.

The data an Subjests 1-tO are rather hard to Interpret in

light or our centre•A hypothesis. Certainly, there Is so vei7

striking agrvemnt betweemn Pf"ad t, . It does seem to be

the u3!.ml ease that the subject is still shooelnf €solm& ot0er

than the best one tnrou& most of the 100 trils In eac gom,

and theh subjects usually rall to settle down on the vry best

choice within their hundred trials. Of couse,, it my reason-

ably be argued that the early trials In each 5e shold not

be taxen too seriously In an Investigation of asyatotle beha-

vior; for this reason, I have Included the tf5 '1 O0 data but the

interpretati i,. is difficult hwre, too.

One source or trouble In the amlp-ls is the similarity

betwen the r2 in siq casea, so that It In hard tor the sub-

jects to discriminiat betwin such columns. Por exuole, In

kis Code 7 the three laripst v. are 98, 95, and 90 so that It

would not be at all 511rprliig if a subject wesr to speud som

of his oholces on the 95 p4ar cent colvi that the sized model

would allocate to t-w 98 per cent and 90 per cent eola. Con-

3t-que'atl', in an wrtort to ooften this conftwtig Wef t, the

dota wer regrouped for anelysts by ombining colmmo with ea*-

parable r, values. The rule for this regro9Ing ue quite

mrbitrar5. It ecoiattted kn :mbInnhg all lata for those colamU



r, values differed by 7 per cent or less from the mit i

i 1,to 1 now column I, then s6mi.larly forming a new column 2 to

!n-l,1:I all thema enlimna whoopv 1 valups ditfor'fl by 7 per cent

or leas 'rce the mx 1 not already included in the new column 1

a;.t c'ontinuing until all the oolins were regrouped. If we let

r-J de :otr the number oa now columis fored for code J, and let

t.. r k-l,M .. , rJ, denote the wean of the set of v. values

ropr,:4ent.ed in the nro coluvm k of oo8' J, then the mixed uodel

rvquti-s that the asyVptotie rrequ~nciee of play on new column k

for e•.,e j ore given by the following oxpr*ssions for pki

S ....... for J-t,2,", 10; k-l,2,- , r.

The r.,gr..tied dot.n sr•* pr-s,.ntee And comparpd with the values

so ob-.r'inr.d .'cr 9k In Tablon 1..r.



rli" ie,-iCode 1)

Subject_ ri l i f a l f j i 1

1 90 5 2 2 1 86 6 2 2

2 81 14 2 1 2 100 0 0 0 0

3 26 40 10 1 0 52o 8 0
60 9 12 5 64 8 to 0

5 77 11 3 6 3 100 0. 0 0 0

6 14 18 3 3 2 10oo o 0 0 0

7 96 0 0 4 0 96 0 0 4 0

8 100 0 0 0 C 100 0 0 0 0

10 75 13 2 7 3 7 4 20 2 0 .

hverage 70.4 1 7 3.4 5.41 2.9 80.2j 14"1.61 2.7 1.___ L...L.W. j ~# 87jP 74 '! 7 6 5 74 8 7 6

TABLE 14 t

r'-.holce (Code 2)

3 ? I2 5 10 9 7 o 8 12

1 0 L 9" 9 2 0 o 10 0 0 0

5 89 0 6_ 5 0 08 0 2 0Ž2 _ 8 16?20 as 4 .

7 6 47 0 0 90 0 0 0

L6 96 8 06 0 98 6- 0
8 0 0 0 100 0 0 0 0 100 0

10 jJ9 o o 0 •

Averge 31.7• 45. 7.013.71.?-05 35.4t 8.g . 13.1 2.2

!; _ 67 5= 3I5) 6" '

SubJect 9 was pxc7lud,-d in computin3 tv- everage becAulwe him
eclectioni* difered so g-'atly frc-- A'-L t~h othipre.

Is the percentvlit of tiAJ that .w coi,ir• l wlas choo.wn Ehfrlng
trial& x throui tO00.



r'-C._oice _LC_2e.)
mJI .-I& fi-f

1 68 18 9 1 2 2 84 8 8 0 0 0
83 6 2 1 5 3 98 0 2 0 0 0

S"30 23 21 8 14 8 60 0 22 0 14 4

0 85 0 10 0 5 0100 0 0 0 0
0 97 0 0 3 0 0 100 0 0 0 0

68 6 9 3 8 6 1 0 0 0 0 0
112 28 9 11 23 17 6 34 8 14 24 14

-. 185 0 o0 0 5 0 100 0 0 0 0 0
'-- 1 26 0 0 0

Av#rag* b5.3 1.8 7.1 3.6 7. 3 4.9I 6o.91 26.9 4.4 1.6 4.2 2.

52 20 11 7 5 5 52 2 0  L1  7 .5 5 I

TABLE 16

KL .Ži r'l 'f IfLI 111 I?Ž!Vl iII5
9t 0 !9 o o 0 0  0 K o o oo

:? 78 3 1 6 6 1•o0 0 o 0 0 c
.7 54 6 1P ill 11 6 100 0 0 0 ,0 0

1 100 0 0 ~0 02j 0 100 0 0 0 0 0
57 6 7 lip 12 6 100 0 0

0o -\ 0 0 .73 100 0 ) 0o 0 0 iC,,) o0 c GC

71 0 80 10 0 5 5 73 1 g1 4 8
10 8 1 0 0 0 0 100 0 0 o C

itw 7.9 1 _Z.2 3.7 .3.2 .1u

oo_ 0 o 0 0- C , 0



TABLE 17

O-Chelce (Code 5)

86 2 3 6 2 1100 0 0 0 01
94 o o 6 o 0 94 0 0 6 0

I 2 5 10 21 11 22 11 30 0 22 22 2
; 7 69 2,0 2 1 54 28 0 22

88 3 3 0 5 3 100 0 0 0 0
I~ ~~~0 A .- __-

91 4 3 4.) 0 100 0 0 0 0
81 0 6 1O 0 1 84 0 2 14 0

8 27 43 33 8 6 3o 52 1o 0 4
71 77 0 13 5 4 90 0 0 10 0

A v rmgo 64.0 14.6 9.1 4.8 4.4 3.1 71.% it-1.8 6.9 5.8 .
47 "N 9 8 7 5 47 24 9 8 5

TIABU 18

79 3 5 - 6 o 96 0 4 c 0
,43 1 9 1 6 50 50 0 0 4 0

4 5 10 16 46 0 0 0'%.3 51 0 3 6 17 0t P • 6 ,

15 10 51 16 50 6 2t

6~ 080 2 1 1 0 I1Q0 A oV 0

S ,64 7 1o 6 6 p, I 1 00 0 0 0
185 2 1 1 10 j0oo0 ," 0

V-3~0 4, 1 4-9 3 .,{F. 1 *~ c*i .7 .2I 6L
Uit9 21 14 8 9-

- -a..-. .. - -- - -



! %ABLE 19

i ."• o o o IoI • Io o f

l ' i9"K",# • X TY) ' 1 k 60 '0 ]O 0 10 06 0 o
99 0 0 0
98 0 0 0 0 2 0to0 0 0 0

3 33 13 10 20 14 10 .6 6 0 P ~28

141 72 0 27 0 0 2 96 0 20

o 97 0 0 0 3 01 0oo 0 0 o

o 1 2 o 1 1 to0 0 0 0
99 0 0 0 1 0 oo 0 0 0

8 48 0 52 0 0 O 48 0 0 0
10 93 0 0 3 0 6 94 0 0 1

7 6. 19 7 5 6 5 2.6 1.4 6.9 21.3 . 2 3 '
pS 63226I 63j22j6 4

TABLE PQ

rl-.ChOice ACode 8)

Subjectj ijt f T jri [l f; J?'
1' 100 0 0 0 1o
2 100 0 0 0 100 0 0 0

3 4~1 15 P7 17 50 20 is 12
4 100 0 0 0 100 0 0 0

5 100 0 0 0 100 3 0 0

6 100 0 0 0 100 0 0 0

7 25 19 46 10 30 P410 8
8 100 0 .0 0 00 0 0 0

10 96 0 0 1oo 8

I Average 84.7 .5.8 I .1K . f85.8 4.. 5.1
68__~ A .i.. 0-. 4 16 18 0



TABLE 21

r'-Choice (Code 9)

-Subject! fl rfl fl fl fr

7 75 3 3 10 9 o100 o0 0 0

100 0 0 0 0 100 0 0 0 0

3 9 0 0 2 94 o
4 •8 0098 08 0 0 2

j8I

7 300 0 0 0 0 100 0 o

100 0 0 0 0 100 0 0 0 ,

F K0 0 0 100 0 0 0
o95 .1°

e S 90 . .. 11:00 0 0 0. .

7 97,8 0 8 100 0 0 0 6

B 1 097 1 0 0 100 0 0 0 .

S99 l 1. 0 o 0 100' 0 0 0 Co

I 8I oc 0. 0 o 0,) o o c

10 4i5 1• 31 t3 9 51 10 22 6 0

L;997J. ID 'L .L10 0 0 l 0

5 8.3_ 14 0 3 100 0 3I"



It would to a stretch on the imagination to argue that

Taoles 13.-22 provi4e evidence in support of the hypothesla that

3ur subjects behaved according to the mixed model, but a still

greater stretch to argue that these data permit us to re e.o the

hypotheois. Mty own view is that a vueo more extensive experimer~t

qnd-a btterC-oduCted one, is necessary before any real oonalu.-

sitir.s can be drawn. I believe that the most prmlsing approacO

is to start with the 3-choice case In which the Tg kre rather

evnly spaced, and not too alose to 0 or 1, in order to chcik

th closeness of agroavent, with, the Entes-B3usn formulas for pi.

Not unltil, experivental. teohniques are good on~ough to give constant

and repeatable results In apv.-,ent for the 3--cholce ease with

either the mixed or pui. models, at will, would I want to tackle

the problem of detrrnmil.ig the precise nature of the experiment.I

stimulus that iV neac asary to produce this kind of dlfference in

behavior--e-id only after I understood this stimulus proble:m

reasonably well would I again want to wurk with the r--cholce ness

for r > 3. The crude pilot experirn nts reported here may be of

some use to others participatIng in the Seminar who have become

Introsted in this problem of the pure vs, mixed leariing

ba havior.



APPUSIK A

The eqqueipant for statlo-Gle oonlsts of a a
V'punoh,* aa& a Wfttieztr. the code and regIl• se

Wit

pr: nted to'rn fastened to Un bWok and the frost, weapetilvly, t
1--- /

the punchboard, 'he punab Is uwed on each move to mkas a hole t

"he reglater signifying the choice of an Ittepgr from I thruv 9

.aamples of code and regIster aro attached to the en lmtrutlone.

The register 'A. 25 liftes, and in each line thoe Int"*rs 1

athvioh 9 appear in four Ofields0 ac'ose the page; this provld*s•n t
vor 100 moves.

The code has either a 1 or a 0 In each posttion. A 1 demotes

a -win and a 0 denotes a loss. The cide ia arranse' so that the

rrar-Y I eppears a preassigned nmnber of times In each column. The
Ln

order of the -arks I and 0 In each column Is random,

Tno. ft.-t .move Is mde by panching out one of the nine digite

4n r.)Y. I of field 1, If a I is seen through the hole this poottlonr
is cir::-led in pencil by the player to denote a win, otherwise it ts

p
ieft uncircled to dern,'te a loss. The second move is made similarly

by punching In row . of field 1, enJ circllng to denote a 1 It

,.bserwed. Aftpr the 25 moves in ftt~ld 1 are ooupleted, start at

the top of field 2, and contin4e in thle way until all 100 rowe

have been punwhed. The s .ro on theast 100 moves :! tr.e cotal

number of cireled posLtions.

__i



After you have made 100 trials, you will give the un:'.'t

rnLructions for your plays in the next hundred trials. Yu,.: do

t-Is by a6sigri.ng to each choice, 1 through 9, a number ind1catt:;g

C.ot nften you wish that choice played in the next 100 trialn. Tk.v

ni.-te rcumbers must add to 100. For example, you might assign 20,

32, 13, 10, 25 to digits 1, 3, 7, 8, 9 respectively, and zeros t,

:h-. otners, indicating that you want digit 1 played 20 times, dc,.it.

'? played no times, digit played 32 times, etc. In particular,

If you wish to have some one number (say 5) played all the time,

-hen you would assign 100 to that one and zero to each of the

C% t ers. These numbers should be written in the mm,, provided on

the data form for this purpose.

Your object Is to get as many wins as you can in the 200 moves

PI, 3eneral Informat'oni

TVis is an experiment designed to obtain a quantitative

rorparlson of the ability of peopl, wbith that of rats in learning

I.o play a certain simple.I nte'Klect al game. Bush and Mosteller,

-t Harvard, have examined experolmzejt& data obtained by paychologiF0,1!3

in their studies of rat lep.rnlr.-g. They have deviloped a -athe-

rmat:.-] model thrt ie.•ms t-.,; t t'',, rat data quite we'&. I am

us:np; thls model. wh.r=h the.; h'i7e ,:All`d th.? "tte. .rart ", to compute4

thoe probabi- performance of r,_; l.a play,.ng v:-ri Nn r.,nn-4orger.str- i

Fgares, The scientific purpoeo- ir to te,;t -,e vfi]11ity of V.-lo .

,iathemnatical theores of leairting A•dr deciz,1on,



IThe\ranchboard epr~eants* a U naca pi' uo *0m1 j~4~a
4!ns anid 100041 In the to11ow1lt 1~e. I" mw1Q first aines!

% o nurbet'. between0and I (fimr* ple,-U 00o OP 78) twos'a
%!:% rnbwo table; 'be~ avo .Jboqvbt of MpI'ObebilltiCs do, #.it

~.ityour .hoims of I tkwov~i 9 will win, bob UiM yo'A

a~ - %, Ai £ber !WaY 3) the Umr 4*tet'mlu Owther or not youa IV4

ni- %Vyn the oow ng' probability (00 ir this earn) to

'~;''t.io 0*aeisou; be qspg4 uses a rwnim nuf r tabl* for each of

'~, :e~tns.Thus, Uf the probability 0. thtWA your cW1@ 3

io'' wpe .700g you algirt fixpect to vIn 7 t~wes oit ct 10 when

,;ol '!ioca-? the n'ub@er 3

Por tewnond hundrel trials the unpire sl~ly sultipli*5 the

riAue nmiorer writteri or~ A. lata rorm by the corwespuihtig pro.-

i~bi 'tlaic G1, 0 gg -- #j9 and adds these products togethe to got

,c~..r týAAI of wlas oh "h 3e60tY1 nundred trials Of comwue this

*.':. , t.&r '.Gi. pro(bedur'e, prod'jct~ .,ioe sawe result as the am Wetha

.~Ij Wo.i' 42;.ý #~C ihofrh~..iaatu~y nt throug2' ah

'%econ~d I. 'cvived plays .1or you or,* o-',,~

Ite 'me ahotkid ilice to hiay* yo--A pia - tztle--ýnln several timeS.

j-7 :r average for *I;~ yo-jr jpm*? will be coq,.rnd with rItt '!f

trie ,.t~at-.,at0 ane. ta-a~e of Lho' other .-AJjvtm in~ this *xperiment.

Y,3i w, ce told thi -31&t--rat s~' ;kotr va-en dame. At the

crne -u-iso or th* I v. .-'end eACh *~~e.a 4:%cL..LV

'tIt i~n of *>ie ruiawms 2nd at.,.) me f m.1 r. I yoer ic the1 i';

I.-atic you rer Imtcr~ ~,~ *1I~
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APPENDIX B

INSTRUCTIONS

Stat Ic-nine

The equipment for static.-nine consists of ;i "punchboard,"

a "punch," a "code," and a "register." Tne coxde and register

are printe0d forms fastened to the back and the front, respec-

tively, of the punchboard. The punt'h is used on eAch move to

make a hloue in the register signifying the choice of an Integet

fro:,m 1 through 9. Samples of code and register are attached to
*

thes,. ;2nstructions.

The rogister has 25 lines, and in each line the integers
I through 9 appear in four "fields" across the page; this pro-

video for 100 moves. At the top of each register you will find

two digits written in red; you are to punch only one or the

other of these two on each trial.

The cdJe has either R I or a 0 in each position. A 1 denotes

a win and a 0 denotes a loss.

The first move ie made by punching out one of two digits

in row I )f field 1. If a I is seen through the hole this posi-

tion Is circled iti pencil by the player to denote a win; other-

wise it is left uncircled to denote a loss. The second move is

.made similarly by punching one- of the two digits in row 2 of

field i, ani circ'ing to denote a 1 if observed. After the 25

moves in field 1 Pre completed, start at the top of field 2,

aid contino,- In this way until all 100 rows have' been punched.

Th- scor, on these 100 moves Is the total number of circled

positicne.

Best Available Copy
lee ifamples in Appendix A.
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Appendix S

Your object is to gt as many wine as you can in the 100

Doves.

Oeneral Information

This is an experiment designed to o5tain a quantitative

comparison of the ability of people with that of rate In learning

to play a cert a ln sLmple Intellectual game. Bush and tosteller,

at Harvard, have examined experimental data obtained by psycho-

logists in their studies of rat learning. They have developed

a mathematical model that seems to fit the rat data quite well.

I an using this model, which they have called the "ttat--rat,"

to compute the probable performance of rats In playing von

Neutmnnn-•oM•onatern games. The scientific purpose is to test

the valid~ity of various mathematical theories of learnUg and

decision.

We should like to have you play static-nine several times.

Your average score for all your gamea wili be compared with

that of the stat-rat, and thosee of the other subjects in this

experiment. At the coneliision of the experiment, I will be glad

to give you a recapitulation of the na'miand scores of other

players, including the stat-rmt, if you wish.

'Thank you for participating, and god l'ick.

Best Availabl-e Copy


